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1.0 EXECUTIVE SUMMARY

Thirty-three (33) resource projects have requested to interconnect to the MISO 
transmission network in the East (ATC) Area and are included in the Definitive 
Planning Phase 2020 Cycle Phase 1 study (DPP 2020 Cycle Phase 1). All 
Generating Facilities have requested both Energy Resource Interconnection 
Service (ERIS) and Network Resource Interconnection Service (NRIS). 

This report presents the steady-state study results of a System Impact Study (SIS) 
performed to evaluate the interconnection of the generator interconnection requests 
in the DPP 2020 Cycle Phase 1 study. No stability, short circuit or PJM affected 
system analysis were performed in Phase 1. The study was performed under the 
direction of Midcontinent Independent System Operator (MISO) by ATC and an ad 
hoc study group. The results for 2025 scenario are summarized below. 

1.1 Project List 

The DPP 2020 Cycle Phase 1 has thirty-three (33) interconnection requests with a 
combined nameplate rating of 4251.19 MW. The DPP 2020 Cycle Phase 1 
generator interconnection requests are listed in Table 1.1-1. The one-line 
diagrams of the interconnection facilities are shown in Appendix C.  
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1.2 Generating Facility Requirements

1.2.1 Voltage Schedule Requirement

ATC requires all generators in its territory to maintain a voltage schedule at the 
Point of Interconnection (POI). The standard voltage schedule is 1.02 per unit as 
measured at the POI. This schedule may be changed by the Transmission 
Operator for specific power plants or specific conditions.

1.2.2 Power Factor Range Requirement 

FERC Order 827 and ATC Criteria require all newly interconnecting generators 
interconnecting to ATC-owned Facilities to provide a power factor range for 
synchronous and non-synchronous (e.g., wind turbines, solar) generation of 0.95 
leading (when a Generating Facility is consuming reactive power from the 
transmission system) to 0.95 lagging (when a Generating Facility is supplying 
reactive power to the transmission system).  

Unless physically disconnected from the ATC transmission system, the 
Generating Facility must be capable of maintaining ATC’s standard power factor 
range at all power output levels by providing dynamic reactive power at the 
following locations: 

A. The POI for all synchronous generators 
B. The high-side of the generator substation for all non-synchronous 

generators 

For synchronous generators, the interconnection studies will account for the net 
effect of all energy production devices and losses on the Customer’s side of the 
POI. 

 Dynamic reactive power provided by a synchronous Generating Facility may 
meet the dynamic reactive power requirement by utilizing a combination of 
the inherent dynamic reactive power capability of the synchronous generator, 
dynamic reactive power devices (e.g., Static VAR Compensators), and static 
reactive power devices (e.g., capacitors) to make up for losses. 

 Dynamic leading reactive power provided by a synchronous Generating 
Facility cannot use inductive losses from generator step-up transformer(s) 
and generator tie line(s) to meet the leading power factor calculation at POI. A 
synchronous Generating Facility must be able to meet a 0.95 leading power 
factor, as measured at the generator terminal (i.e. the low side of the 
generator step-up transformer). 

For non-synchronous generators, the interconnection studies will account for the 
net effect of all energy production devices and losses on the Customer’s side of 
generator substation step-up transformer.

 Dynamic reactive power provided by a non-synchronous Generating Facility 
must meet the following requirement from FERC order 827 paragraph 35: 

o “Non-synchronous generators may meet the dynamic reactive power 
requirement by utilizing a combination of the inherent dynamic reactive 
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power capability of the inverter, dynamic reactive power devices (e.g., 
Static VAR Compensators), and static reactive power devices (e.g., 
capacitors) to make up for losses.”

 Dynamic leading reactive power provided by a non-synchronous Generating 
Facility cannot use inductive losses from pad-mount and station step-up 
transformers and collector system to meet the leading power factor 
calculation at the high-side of the generator substation. A non-synchronous 
Generating Facility must be able to meet a leading 0.95 power factor, as 
measured at the generator terminal (i.e. the low side of the pad-mount 
transformer). 

 Dynamic lagging reactive power provided by a non-synchronous Generating 
Facility cannot use collector system charging to meet the lagging power factor 
calculation at the high-side of the generator substation. A non-synchronous 
Generating Facility must be able to meet a lagging 0.95 power factor, as 
measured at the generator terminal (i.e. the low side of the pad-mount 
transformer).  

 When the Generating Facility is not generating active power (i.e. zero MW 
output): 

o The reactive power injection to the transmission system at the high-side of 
the generator substation should be zero Mvar.   

o When the Generating Facility is physically connected but operating at zero 
MW and zero Mvar as measured at the high-side of the generator 
substation, the Generating Facility is not required to control system 
voltage. 

Static reactive power devices (e.g., capacitors and inductors) can only be used to 
make up for  

 Inductive losses between the generator terminal and the POI for synchronous 
generators, or 

 Inductive losses or collector system charging between the generator terminal 
and the high side of generator substation for non-synchronous generators. 

All other reactive power needed to meet the power factor requirement must be 
provided by continuous and sustainable dynamic sources. Operation across the 
entire power factor range must be fully dynamic, variable, and capable of 
sustained indefinite operation.  

Static sources can be switched on or off in the range of seconds and provide 
reactive power in large discrete blocks. Cap Banks are considered static sources 
of reactive power. 

Dynamic sources can provide variable amounts of reactive power in a few 
milliseconds. Static Var Compensators (SVCs), Static Synchronous 
Compensators (STATCOMs), Flexible AC Transmission Systems (FACTS), 
inverters, and synchronous condensers are all considered dynamic sources of 
reactive power. 

For non-synchronous generation projects in the DPP 2020 Cycle Phase 1 study 
group, if they did not have a signed Generator Interconnection Agreement (GIA) 
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J1793 0.6

J1244/J1803/J1817 1.4 

J1814 0.1 

J1824 0.7 

1.2.3 Island Detection and Operation 

In circumstances where the Generating Facility has no governor controls and the 
transmission system design could result in an islanding condition for the outage 
of two transmission elements, ATC requires the Customer to implement 
additional protection systems as mutually agreed by the Customer and ATC to 
prevent generation from being isolated or islanded with interconnected load. 
Alternatively, ATC will require the Customer to curtail their generation for 
circumstances that could result in an island condition with the next contingency. 

This would apply to the following Generating Facilities from this DPP cycle that 
lack adequate governor controls to safely and reliably sustain an island with load.  

 J1508 
 J1708 
 J1720 
 J1732 
 J1735 
 J1750 
 J1751 
 J1793 

1.3 Total Network Upgrades for all Projects 

The cost allocation of Network Upgrades for the study group reflects 
responsibilities for mitigating system impacts based on Interconnection Customer-
elected level of Energy Resource Interconnection Service and Network Resource 
Interconnection Service as of the SIS report date. The total cost of Network 
Upgrades required for each generator interconnection request is listed in Table 
1.3-1. The costs for Network Upgrades are planning level estimates and subject to 
be revised in the facility studies. No Network Upgrade projects driven by stability, 
short circuit and PJM affected system analysis were not identified since these 
analyses were not performed in Phase 1.  All Interconnection Facility Project 
Diagrams are documented in Appendix C and all Network Upgrade Project 
Diagrams are documented in Appendix D (No project diagrams are developed for 
line uprates). 









MISO DPP 2020 Cycle 1 East (ATC) Study Phase 1 Issue Date:  7-8-2021     Page 14 of 50 

 
 

J1750 08/01/2023 09/01/2023 11/30/2023 

J1751 08/01/2023 09/01/2023 11/30/2023 

J1752 08/01/2023 09/01/2023 11/30/2023

J1773 04/15/2024 04/30/2024 12/31/2024 

J1778 10/31/2024 10/01/2024 12/31/2024 

J1779 10/31/2024 10/01/2024 12/31/2024 

J1781 04/15/2024 04/30/2024 12/31/2024

J1793 06/01/2025 09/01/2025 12/01/2025 

J1803 09/15/2021 10/05/2021 10/29/2021 

J1814 09/15/2023 10/15/2023 12/15/2023 

J1817 09/15/2021 10/05/2021 10/29/2021

J1824 12/31/2022 12/31/2022 12/31/2022 

J1843 3/15/2023 3/31/2023 5/31/2023 

 

1.5 MTEP Projects

If a MTEP transmission project(s) resolves the constraint, and that project(s) is 
approved by the Board within (1) calendar year of the GIA execution or execution 
of an amendment thereof, then the Interconnection Customer will not be 
responsible for transmission upgrade(s) that would resolve the constraint. If that 
MTEP project(s) is not approved within one (1) calendar year of the GIA execution 
or execution of an amendment thereof, the Interconnection Customer will be 
responsible for those transmission upgrade(s). 

1.6 Further Study 

The next step in the MISO Generator Interconnection Procedures is to perform 
additional SISs (if needed), Interconnection Customer Interconnection Facility 
Studies, and Network Upgrade Facility Studies. Those Facilities Studies will 
specify in more detail the time and cost of the equipment, engineering, 
procurement, and construction of the Interconnection Facilities and Network 
Upgrades identified in this report. 

1.7 Compliance Summary 

This study report partially meets NERC TPL-001-4 standard, FAC-002-2 standard, 
and Local Planning Criteria. In ATC’s annual Ten-Year Assessment (TYA) and 
MISO annual MTEP studies, additional compliance related studies will be 
performed for the generator interconnection requests with signed GIAs. Appendix 
J describes in detail the NERC and Local Criteria requirements met by this SIS 
report. 

2.0 STEADY-STATE ANALYSIS 





MISO DPP 2020 Cycle 1 East (ATC) Study Phase 1 Issue Date:  7-8-2021     Page 16 of 50

.

J1304 Solar ALTE 65 
J1305 Solar ALTE 49.9 
J1316 Battery WEC 50 
J1326 Battery ALTE 75 
J1345 Battery ALTE 25 
J1370 Gas MIUP 50 
J1374 Wind ALTE 67.2 
J1377 Solar ALTE 98.56 
J1410 Solar MGE 300 
J1411 Battery MGE 75 
J1460 Solar ALTE 200 
J1483 Wind ALTE 99 

Public information related to the MISO Generator Interconnection Request queue 
can be found at: 

https://www.misoenergy.org/planning/generator-interconnect`ion/GI Queue/ 

The summer peak discharging and shoulder discharging cases dispatched 
generation within MISO according to section 6.1.1.1.2, Study Case Development, 
in the MISO BPM-015-r22. 

All excess generation from this methodology is dispatched against all units in 
MISO Classic proportionally, excluding the units in the current DPP cycle. 
Scheduled firm transfers are ignored in this dispatch methodology. 

2.1.2 Benchmark Cases

Two benchmark cases were used to benchmark system performance without the 
DPP 2020 Cycle Phase 1 generating facilities and were created by taking the 
DPP 2020 Cycle Phase 1 Generating Facilities offline from the corresponding 
study cases. The MISO Classic was used for power balance, where generation 
was scaled in proportion to Pmax minus Pgen. 

2.2 Reactive Power Requirements (FERC Order 827) 

All synchronous and non-synchronous generation in this queue were evaluated to 
determine if the requests meet FERC Order 827 and ATC Planning Criteria. Refer 
to PLG-METH-0005 in Appendix B for details on ATC’s power factor analysis
methodology. All of the reactive resources modeled in the assessment are 
summarized in Table 2.2-1. 
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J1573 
45730, 
45731 

254.6 -82.00 0.0 0.95 Yes 0 

J1615 46150 152.11 -64.80 0.0 0.92 Yes 0 

J1629 46290 203.29 -104.15 0.0 0.89 Yes 0 

J1706 47060 102.06 -49.43 0.0 0.90 Yes 0 

J1708 47080 76.55 -37.07 0.0 0.90 Yes 0 

J1716 47160 100.99 -51.74 0.0 0.89 Yes 0 

J1719 47190 104.65 -34.40 0.0 0.95 Yes 0 

J1720 47200 100.34 -54.16 0.0 0.88 Yes 0 

J1732 47320 99.99 -57.82 0.0 0.87 Yes 0 

J1735 47351 76.55 -37.07 0.0 0.87 Yes 0 

J1740 47400 104.65 -34.40 0.0 0.95 Yes 0 

J1745 47451 102.06 -49.43 0.0 0.87 Yes 0 

J1746 47463 150.26 -72.77 0.0 0.90 Yes 0 

J1750 47500 153.00 -54.00 0.0 0.92 Yes 0 

J1751 47510 153.00 -54.00 0.0 0.94 Yes 0 

J1752 47520 153.00 -54.00 0.0 0.94 Yes 0 

J1773 
47730, 
47731 

303.00 -146.75 0.0 0.90 Yes 0 

J1778 47780 100.00 -48.50 0.0 0.90 Yes 0 

J1779 
47790, 
47791 

200.00 -96.90 0.0 0.90 Yes 0 

J1781 
47810, 
47811 

303.00 -146.75 0.0 0.90 Yes 0 

J1793 47931 76.55 -37.07 0.0 0.87 Yes 0 

J1244/J1803/J
1817 

42440, 
42441, 
48170 

60.00 -29.1 0.0 0.90 Yes 0 

J1814 48141 23.05 -11.16 0.0 0.87 Yes 0 

J1824 48240 75.00 -43.34 0.0 0.87 Yes 0 

J1843 
699137, 
699138, 
699139 

5014 -141.34 0.0 0.96 No 23.37 

1 Dynamic inductive reactive power provided by Interconnection Customer owned equipment in addition to the 
machine. 

2 ATC requires a 0.95 ATC Inductive Dynamic Power Factor. 
3 Additional dynamic reactive power required to meet ATC Inductive Dynamic Power Factor.
4 Gross Values. The generating facility auxiliary load were not included. 

The static inductive power factor requirement analysis showed all requests 
meeting ATC Criteria and FERC Order 827 requirements. The results are 
summarized in Table 2.2-5. 

Table 2.2-5 – Assessment of Static Inductive Power Factor Requirement
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2.3.3 Network Upgrades Identified in ERIS Analysis

Based on the steady-state analyses, the worst loading of each facility under “No 
Load Loss Allowed” NERC TPL Planning Events that meets MISO Injection 
Constraint criteria is shown in Table 2.3.3-1. Identified Network Upgrades are 
also included. Good faith Cost Estimates of the ERIS thermal Network Upgrades 
identified in the steady-state analysis for the 2025 scenarios are listed in Table 
2.3.3-2. Detailed cost allocations are provided in Section 9. 
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The Briggs Road – J1502 POI 345 kV line requires that the Briggs Road 345 
kV reactor be switched out to prevent the possibility 
of DCZs. While DCZs were not identified in J1502 POI – North Madison 
simulations, there is still a possibility that DCZs will occur, therefore the North 
Madison 345 kV reactor will be switched out . The 
North Madison 345 kV reactor and the Briggs Road 345 kV reactor will be 
automatically switched in based on local bus voltage to prevent the possibility 
of sustained over-voltages .  

2. Steady State Line Energization

Both the Briggs Road – J1502 POI and J1502 POI – North Madison 345 kV 
lines can be energized in a light load model without any other outages, while 
respecting ATC and Xcel local emergency maximum voltage limits. To 
prevent extreme over-voltages when the lines are being energized during 
local outages, the automatic reclosing systems will be designed to energize 
Briggs Road – J1502 POI 345 kV from the J1502 POI (the first breaker closed 
will be at J1502 POI) and to energize J1502 POI – North Madison 345 kV 
from North Madison (the first breaker closed will be at North Madison).

3. Steady State Voltage 

There are no steady state voltage violations identified after the 
interconnection of J1502. Steady state voltage was also analyzed assuming 
individual outages of  with no identified violations of the 
maximum emergency voltage limits. 

4. Coupled Line Resonance 

Both 345 kV lines can be de-energized with the shunt reactors connected 
while respecting the design voltage of the lines. 

5. Steady State Voltage Stability Sensitivity 

The findings in this sensitivity analysis do not require nor prevent the 
definition of local Planning or Operating System Operating Limits. 

6. Modification of Existing Protection Systems 

In addition to the automatic switching of shunt reactors and reclosing system 
changes described above, the maximum reclosing angles will be reduced to 
40 degrees and the existing over-voltage tripping system at Briggs Road and 
North Madison will be adjusted to include the J1502 POI. 

 

3.0 STABILITY ANALYSIS 

Stability analysis will be performed as part of MISO DPP 2020 Cycle Phase 2. 

4.0 SHORT CIRCUIT ANALYSIS 

Short circuit analysis will be performed as part of MISO DPP 2020 Cycle Phase 2. 
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J1751 1 3 47514 7322 0.741 0.853 

J1752 1 3 699791 5007 0.669 0.769

J1773 2 3 47737 10980 0.930 1.070

J1778 1 3 699409 27299 0.951 1.094 

J1779 2 3 73270 17250 0.969 1.114 

J1781 2 3 693863 11311 0.933 1.073 

J1793 1 3 699288 7193 0.883 1.016 

J1803 1 3 42447 3184 0.826 0.950 

J1814 1 3 699566 5595 0.933 1.073 

J1817 1 3 42447 3184 0.826 0.950 

J1824 1 3 699169 9459 0.913 1.050 

J1843 3 2 699218 29670 0.922 1.060 
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J1567 6.2 N/A no no no 

J1573 3.4 N/A no no no 

J1615 13.9 N/A no no no 

J1629 9.5 8.8 no no no 

J1706 2.7 0.8 no yes yes 

J947/J1708 0.7 0.8 no yes yes 

J1253/J1716 7.5 N/A no no no 

J1719 1.9 2.0 no yes yes 

J1720 2.7 N/A no no yes 

J1732 2.2 N/A no no yes 

J1735 6.1 N/A no yes yes

J1740 5.9 N/A no no no 

J1745 18.1 N/A no no no 

J1746 10.1 N/A no no no 

J1750 2.4 N/A no no yes

J1751 1.2 N/A no no yes 

J1752 0.8 N/A no no yes 

J1773 3.8 1.0 no yes yes 

J878/J1316/J1778 4.9 N/A no no no 

J1214/J1326/J1779 10.1 N/A no no no 

J1483/J1781 4.1 0.9 no yes yes 

J1153/J1793 1.6 N/A no yes yes 

J1244/J1803/J1817 1.7 N/A no yes yes 

J1814 12.9 N/A no no no 

J1824 3.9 N/A no no yes 

7.0 AFFECTED SYSTEM ANALYSIS 

Affected system analyses will be performed as part of MISO DPP 2020 Cycle 
Phase 2. 

8.0 DELIVERABILITY STUDY 

Generator interconnection requests have to pass Generator Deliverability Study to 
be granted Network Resource Interconnection Services (NRIS). If the generator is 
determined as not fully deliverable, the customer can either choose to elect the 
amount of NRIS available without upgrades or build system upgrades that will make 
the generator fully deliverable. Generator Deliverability Study ensures that the 
Network Resources, on an aggregate basis, can meet the MISO aggregate load 
requirements during system peak condition without getting bottled up. 

MISO Generator Deliverability Study methodology is described in MISO BPM-15.

8.1 Study Summary  

The summary of MISO deliverability results based on the 2025 summer peak study 
model is shown in the following tables. Detailed NRIS study results and individual 
generator summaries can be found in Appendix I. 
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only the cost difference between the NRIS upgrade and the ERIS upgrade will be 
eligible for NRIS Network Upgrade cost allocation. 

Due to the queue size and a large number of study generators in different MISO regions 
that were identified to be responsible for the NRIS Network Upgrades, considering 
readability, both the individual generator deliverability report and the detailed NRIS 
Network Upgrade cost allocation information including worst MW impact and cost 
allocation percentage are provided in Appendix I.
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J1181 POI - Hazleton  345kV, uprate MEC / ITCM 21,500,000 Yes

Adams – Mitchell County 345 kV, terminal uprate XCEL 1,500,000 Yes
1 All Network Upgrades were estimated on the earliest ISD dollars of responsible generators. 
2 ATC Network Upgrades included a contingency based on a project risk generally between 5% – 20%.

9.4 Cost Allocation Methodology for Thermal Network Upgrades

The costs of Network Upgrades (NU) for a set of generation projects (one or more 
subgroups or entire group with identified NU) are based off the MW impact of the 
worst-case scenario for each specific generator project. Basically, whatever the 
highest MW impact (increasing flow) is for that particular generator where the 
constraint is identified and requires NU is how it should be calculated.

Constraints which are mitigated by one or a subset of NU are identified. The 
highest MW contribution on these constraints from each generating facility is 
calculated in the MISO DPP study models without any Network Upgrades. Then 
the cost of each NU is allocated based on the pro rata share of the MW 
contribution from each generating facility on the constraints mitigated or partly 
mitigated by this NU. The methodology to determine the cost allocation of NU is:

9.5 Cost Estimating and Allocation Methodology for Short Circuit Upgrades

For each ATC breaker shown to be overdutied a new breaker will be scoped and 
the cost of that upgrade will be assigned to generators. No breaker duty analysis is
performed for Affected System equipment. Appendix N provides short circuit data 
for all substation buses 69 kV and above included in ATC protection CAPE 
models. Any non-ATC equipment requiring a change would be considered 
Affected System.

Once ATC breaker replacement costs are determined, they are allocated 
proportionally to study generators that have a greater than 3% of the total of all 
current queue study generator contributing fault currents under the single line-
ground short circuit fault simulation at the identified substation.

The system impact study does not include any substation ground grid screening 
study. ATC conducts a ground grid evaluation for ATC brownfield substations in 
MISO DPP Facility Studies based on available ground grid design documents or 
in-house models when major substation work is identified. Major substation work 
includes, but is not limited to:

Generation addition (brownfield POIs)

Substation expansion

Transmission line addition

Transformer addition or replacement

Protective device replacement for SLG short-circuit duty reasons
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9.6 Cost Allocation Tables

The cost allocation of Network Upgrades for the study group reflects 
responsibilities for mitigating system impacts based on Interconnection Customer-
elected level of Network Resource Interconnection service as of the issued date of 
the System Impact Study report. 

Assuming all generating facilities in the DPP 2020 Cycle Phase 1 (East ATC) 
group advance, Table 9.6-1 - Table 9.6-6 show how the costs for ERIS steady-
state Network Upgrades, stability Network Upgrades, EMT stability Network 
Upgrades, , short-circuit Network Upgrades and PJM affected system Network 
Upgrades allocated to responsible generating facilities. 

Due to the queue size and a large number of study generators in different MISO 
regions that were identified to be responsible for the NRIS Network Upgrades, 
considering readability, the detailed NRIS Network Upgrade cost allocation 
information including worst MW impact and cost allocation percentage are 
provided in Appendix I. 
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10.0 AVAILABLE APPENDIX DOCUMENTS (NOT ATTACHED)

Appendix A – Study Criteria, Methodology, and Assumptions

Appendix B – ATC Planning Criteria and Generation Facility Interconnection Guide 

Appendix C – Interconnection Facility Project Diagrams and Modeling Details  

Appendix D – Network Upgrade Project Diagrams 

Note: Project Diagrams were not developed for line uprate projects. 

Appendix E – Steady State Power Flow Results

Appendix I – MISO Deliverability Study Results  

Appendix J – Assessed System Performance Reference 

Appendix K – J1502 Additional Studies 

 


